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Introduction and Summary
International differences in output per worker are difficult to explain by differences in factor endowments, at least according to recent studies of development accounting by Hall and Jones (1998) , Klenow and Rodríguez-Clare (1997) , and Prescott (1998) . These studies find large cross-country productivity residuals after controlling for physical and human capital. This finding questions the usefulness of the traditional neoclassical model of growth and development, which does not provide an explanation for residual productivity differences.
We argue that claims of the demise of the traditional neoclassical model of growth and development are premature. We show that the size of the productivity residual crucially depends on an identifying assumption about the specific factor-augmenting properties of productivity. The difficulty is that it is impossible to discriminate between the alternative assumptions of Hicksneutral and Harrod-neutral productivity under the standard restrictions imposed on the production function in virtually all applied analyses. Hence, residual productivity differences estimated by standard development-accounting methods always reflect an untestable a priori assumption, which necessarily influences the relative weight of factor inputs and productivity in a decomposition of output per worker (Section 2).
In addition, large international productivity residuals may reflect measurement errors or omitted variables. The leading candidate for mismeasurement is the stock of human capital. We improve the measurement of human capital by taking account of cross-country differences in schooling systems, in rates of return to education, and in quality of education. If improved measures of human capital can explain a larger fraction of international income differences, this will necessarily reduce the residual productivity measure, independent of the chosen productivity assumption (Section 3).
In our decomposition of output per worker, we show the quantitative impact of alternative identifying assumptions and of alternative measures of the stock of human capital on residual productivity measures. We find that alternative identifying assumptions matter for the relative weight of residual productivity in explaining international differences of output per worker. We also find that an alternative measure of human capital substantially reduces the weight of residual productivity (Section 4).
Notwithstanding these revisions, we find that, for a large sample of countries, residual productivity differences remain an important determinant of international differences in output per worker. But looking only at the OECD countries, which share a set of rather similar economic policies and appear to provide the most reliable data, almost all income differences can be explained by differences in factor inputs rather than by residual productivity differences.
Thus, for the OECD countries, the traditional neoclassical growth model seems to fit the facts quite well.
Identifying the Productivity Assumption
Decomposing output per worker into the relative contributions of different inputs requires the specification of a production function. On the input side, the standard practice is to differentiate measurable factor inputs, such as capital and labor, from a residual term, which is not directly observable. In the following, we call this residual term productivity; in other applications, the residual is sometimes referred to as total factor productivity or technology.
The inherent problem of a decomposition of output into factor inputs and productivity is that it is impossible to discriminate empirically between changes in factor inputs that reflect a movement along a given production function and changes in productivity that reflect a shift of the production function. Because productivity is not observed directly, one cannot conclude from observations of output per worker and factor inputs what the shape of the production function is, and therefore, how productivity might have shifted the production function (Nelson 1973) .
This problem is also present in development accounting studies, where output and factor inputs are measured at a given point in time. The reason is that any difference between output and the sum of weighted factor inputs, which equals residual productivity, obviously depends on the weighting scheme employed. But the weighting scheme itself depends on an assumption about the specific neutrality properties of productivity (the residual). Within the model, it is a question of theory, not empirics, which weighting scheme has to be preferred to possible alternatives. We call this weighting scheme the identifying productivity assumption.
In the older literature on growth accounting, 1 the standard practice was to assume Hicks-neutral productivity, while more recent papers on development accounting claim that it is more appropriate to assume Harrod-neutral productivity. To compare these identifying assumptions, consider a most simple Cobb-Douglas production function
where Y is the level of output, K is the stock of physical capital, L is labor used in production, and e λ denotes productivity. It remains to interpret λ in terms of alternative neutrality concepts of productivity. 2
Hicks-neutral productivity would leave unchanged the relation between the marginal product of labor and the marginal product of capital (the wage-rental ratio) for any given capital-labor ratio. This amounts to a proportionate increase in K and L at a common rate, m :
1 For a recent review, see Barro (1998) .
2 On the following, see, e.g., Allen (1967) .
(2)
which is equal to equation (1) with λ = m.
Harrod-neutral productivity would leave unchanged the marginal product of capital (the rental rate of capital) for any given capital-output ratio. This amounts to a purely labor-augmenting effect of productivity, n :
which is equal to equation (1) with λ = n (1 -α).
It follows that Hicks-neutral productivity is equal to Harrod-neutral productivity raised to the power of (1 -α) for m = n. That is, assuming Harrodneutral productivity implicitly gives a larger weight to productivity in a decomposition of output per worker than assuming Hicks-neutral productivity.
For instance, if log output equals 1 and Harrod-neutral productivity is found to explain 90 percent of log output, then, all other things equal, Hicks-neutral productivity only explains 60 percent of log output if α = 1/3. This example shows that the identifying productivity assumption matters for the results of a decomposition of output per worker, and suggests that the assumption of Harrod-neutrality is one of the reasons why recent studies (Hall and Jones 1998, Klenow and Rodríguez-Clare 1997) find a relatively large contribution of productivity. 6 The motivation for using Harrod-neutrality instead of Hicks-neutrality is based on growth theory. The appropriate identifying productivity assumption must be consistent with two steady-state requirements of the neoclassical growth model. First, since all the variables in the model have to grow at the same rate in the steady state, the capital-output ratio must remain constant along a balanced steady-state growth path. Second, based on empirical evidence, the factor shares of capital and labor must also remain constant in the steady state. Barro and Sala-i-Martin (1995) point out that Harrod-neutral productivity change turns out to be the only identifying productivity assumption that is consistent with these conditions of a steady state.
While this assertion is true for a general growth model with no specific restrictions imposed on the production function, it is a well-known fact that it does not hold for a Cobb-Douglas production function. Since the Cobb-Douglas production function implies a unit elasticity of substitution, factor shares remain constant for any capital-labor ratio and for any capital-output ratio. This is why the Cobb-Douglas production function has unequivocal neutrality properties (Hahn and Matthews 1964) with regard to productivity shifts. 3
When the production function used in a development or growth accounting exercise is Cobb-Douglas, as happens to be the case in most applied work, neoclassical growth theory does not help to decide whether Hicks-or Harrodneutrality should be used as the identifying productivity assumption. This insight has long been known, but it seems to have been overlooked in recent contributions on development accounting. In our decomposition of output per worker in Section 4, we always present the relative contribution of both Harrod-and Hicks-neutral productivity to illustrate the significance of the choice of the identifying productivity assumption in empirical work.
Measuring Human Capital
Human capital is obviously linked to the factor input of labor, and is therefore best modeled as a factor that directly improves the quality of the workforce rather than as an independent factor of production. In empirical work, human capital is usually proxied by schooling. Average years of schooling (S) can be used to construct a human-capital augmented measure of labor given by
where H is the stock of human capital and the function φ(S) reflects the efficiency of a unit of labor with S years of schooling relative to one with no schooling.
As suggested by Bils and Klenow (1996) , this functional form is the appropriate way to incorporate years of schooling into an aggregate production function because it has a straightforward interpretation. First, if φ(S) = 0, a standard production function with undifferentiated labor such as equation (1) would apply. Second, the efficiency of S years of schooling depends on the rate of return to education, as suggested by microeconometric evidence based on the Mincerian wage equation. In this equation, the rate of return turns out to be the derivative φ'(S), which can be estimated empirically as the regression coefficient on S. Thus, average years of education can be combined with empirical rates of return to education to derive country-specific estimates of the stock of human capital.
For our estimates of the stock of human capital, we use average years of education in the population aged 25 and over as calculated by Barro and Lee (1996) . By contrast to Hall and Jones (1998) , we use social rates of return to education rather than private rates of return because we want to assess the economy-wide contribution of human capital in our decomposition of output per worker. Social rates of return are more appropriate for this purpose since they take all expenditures on education into account. As our measure of social rates, we employ estimates of returns to education based on the so-called "full" or "elaborate" method of calculation, as reported by Psacharopoulos (1994) .
This method is considered to be the most appropriate because it takes into account the most important part of the early earning history of individuals.
Our measure of human capital differs from Hall and Jones (1998) in two other ways. First, we use country-specific rates of return to schooling at each level of schooling rather than uniform rates for all countries. Second, instead of assuming the same duration for primary and secondary education across all countries, we use country-specific data on the duration of each level of education as reported in UNESCO's Statistical Yearbook. 4 We combine this information with country-specific rates of return to schooling at the primary, secondary, and higher level reported by Psacharopoulos (1994) to calculate φ(S) in equation (4) 
where r i Pri , r i Sec and r i High are the social rates of return to primary, secondary, and higher schooling in country i; Pri i is the duration of the primary level of schooling; Sec i is the duration of the first stage of secondary level schooling; and S i is average years of educational attainment.
The specification of equation (4) can be further improved by including a measure of the quality of education. As is almost self-evident, a year of education in, say, Tanzania should be valued differently than a year of education in, say, Japan. Such a difference would only be appropriately captured by the respective rates of return if labor were internationally mobile.
Since labor is largely immobile internationally, we consider international differences in the quality of education as a separate determinant of the stock of human capital along with international differences in rates of return. If the efficiency of the workforce is measured more accurately, the contribution of human-capital augmented labor can be isolated more precisely. An improved measure of human capital in turn will improve the residual productivity measure in a decomposition of output per worker.
We employ a measure of the quality of education suggested by Hanushek and Kim (1995) . They construct their quality measure for each country by using a weighted average of various test scores, mainly in mathematics and natural sciences, reported by standardized international student-achievement tests. Such tests have been conducted by the International Association for the Evaluation of Educational Achievement (IEA) and other international organizations for many countries and various years.
To use this measure in our human-capital calculation, we normalize the quality measure for each country relative to the measure for the United States.
This variable can be incorporated into our human-capital estimate as
where Q is the quality index of education reported by Hanushek and Kim (1995) 5 relative to the US level.
Our modification of equation (4) is based on the assumption that humancapital formation is given by multiplying quantity of schooling by quality of schooling. This method of incorporating the quality measure into equation (6) can be justified if estimated regression coefficients on quantity and quality do not differ in a regression where the log values of these variables enter separately on the right-hand side of a conventional production function. This is confirmed by the results of Hanushek and Kim (1995) .
Empirical Results

Decomposing Output per Worker
Our empirical interest is in a decomposition of output per worker into contributions of factor inputs and productivity, controlling for the impact of alternative productivity assumptions and alternative measurements of the stock 5 For our calculation, we use their variable QL2*. We assume a production elasticity of physical capital of α = 1/3, which is the standard figure used for parameterization in the literature. This production elasticity broadly resembles the share of capital in factor income as reported in national income accounts of developed countries (Maddison 1987) . The same capital share seems to apply for developing countries as well if the labor income of the self-employed and other proprietors is properly accounted for (Gollin 1998) .
We use two methods to summarize the relative contributions of factor inputs and productivity in our decomposition of output per worker across countries.
The first method, which we call the "covariance measure", was proposed by Klenow and Rodríguez-Clare (1997) . The variance of ln(y) is decomposed into one covariance term with ln(X), where X is a composite measure of physicaland human-capital inputs, and another covariance term with ln(A) according to This method allows us to present results as a percentage distribution. That is, applying this method gives the respective average fraction of output per worker across countries that can be explained by factor inputs, leaving the rest to be explained by residual productivity.
The second method, which we call the "five-country measure", is adapted from Hall and Jones (1998) . This measure shows how much of the difference in output per worker between the five countries with the highest output per worker and the five countries with the lowest output per worker (based on a geometric average) is due to differences in factor inputs and how much is due to differences in productivity. As before, by taking log values, we can break up the variation in output per worker into a fraction that can be explained by factor inputs and a residual fraction that represents productivity: where n is the sample size and countries i, ..., j, ..., n are ranked according to output per worker. By focusing on the highest and the lowest part of the sample distribution, we use this measure to control for the robustness of the results derived with equation (10).
Both measures reflect the different impact of Harrod-and Hicks-neutral productivity in a decomposition of output per worker (Section 2). As is shown in the appendix, the share of Hicks-neutral productivity in explaining output differences is equal to (1-α) times the share of Harrod-neutral productivity.
Because of the adding-up restriction imposed in equations (10) and (11), estimating the contribution of factor inputs under Harrod-neutrality also identifies the contribution of productivity under Harrod-neutrality and of factor inputs and productivity under Hicks-neutrality.
Data
The data on y, K , and L are derived from PWT (1994) . Output per worker y is measured in 1990 or the next available year. The 1990 value of physical capital K is constructed by the perpetual inventory method based on annual investment rates and an assumed depreciation rate of 6 percent. The initial value for K is estimated by I t / (g t+10 + δ), where I t is the first year for which investment data are available, g t+10 is the average growth rate of investment in the subsequent decade, and δ is the depreciation rate (see Hall and Jones 1998 Our sample is determined by the availability of data on investment rates and on output per worker. For this sample of countries, we construct our two measures of human capital using average years of schooling, rates of return to education, and the quality index of schooling as described in Section 3.
In the calculation of the stock of human capital, we impute data for a number of countries. This is done by taking the mean of the respective regional average We present our basic data in Table A1 Rico to take advantage of lower taxes, as suggested by Hall and Jones (1998) . Another source of surprising results is the country-specific data on rates of return to primary education reported by Psacharopoulos (1994) . This measure ranges from 2 percent for Yemen to 66 percent for Uganda. Yemen's low figure makes it the country with the lowest human-capital measure in the sample, while Morocco's rate of return on primary investment of 50.5 percent (as compared to its regional average of 15.5 percent and its income-group average of 18.2 percent) explains its high measure of human capital. The surprisingly large difference in the value of human capital between Singapore and Hong Kong is mainly explained by the large difference in their rates of return to primary education (6.6 percent for Singapore and an imputed 19.9 percent for Hong Kong), and only to a lesser extent by differences in average years of schooling (5.47 years for Singapore and 8.37 years for Hong Kong).
Nevertheless, all our aggregate results are insensitive to substituting outlier values of rates of return to education by average regional and income-group values.
Full-Sample Results
In order to provide a point of reference, we begin our decomposition of output per worker with a replication of the results of Hall and Jones (1998) with updated 1990 data and a slightly different sample of countries. 6 With their dataset, Hall and Jones (1998) find that 60 percent of the international variation in output per worker is due to international differences in productivity, given that Harrod-neutral productivity prevails. 7 The first row in Table 1 Harrod-neutral productivity, the covariance measure suggests that about 50 percent of the international variation of output per worker can be explained by international differences in factor inputs, compared to 40 percent as before.
Assuming Hicks-neutral productivity, as much as two thirds of the international differences in output per worker can be attributed to differences in factor inputs.
These results are largely confirmed by the five-country measure ( Table 2 ). If human capital is measured without an adjustment for differences in the quality of schooling, factor inputs explain 43-62 percent of the international variation in output per worker, depending on the identifying productivity assumption.
Once our measure of human capital includes international differences in the quality of schooling, factor inputs explain about 50-67 percent of the international variation in output per worker.
Another way to check the robustness of our results 8 is to exclude countries in which value added in the mining sector accounts for more than 20 or even 10 percent of total value added. In such a revised sample, the estimated relative contributions of factor inputs and productivity do not change by more than 2 percentage points compared to the previous estimates. Therefore, international differences in natural-resource endowments do not influence our findings significantly. with n = sample size, countries i, ..., j, ..., n ranked according to y, and Z given in each column In addition, the explanatory power of factor inputs is not reduced if we exclude countries with imputed data on the human-capital measure. The results are also robust to reducing the sample to only those countries which have participated at least once in the benchmark studies underlying PWT (1994) , for which the data is more reliable. The same holds if we delete countries with imputed data on the human-capital measure from this subsample of countries.
Our results also reveal that the main objection which both Hall and Jones (1998) and Klenow and Rodríguez-Clare (1997) raise against the methodology used by Mankiw et al. (1992) has to be qualified. Assuming Harrod-neutral productivity, Mankiw et al. (1992) estimate a regression equation which requires the identifying assumption that ln (X) be orthogonal to ln (A). But if factor inputs and productivity are positively correlated, this assumption is not justified. As shown in Table 3 , we find that, with our quality-adjusted humancapital measure, Harrod-neutral productivity is only weakly correlated with the capital-output ratio and uncorrelated with human capital per worker, which supports the identifying assumption made by Mankiw et al. (1992) . However, in our data, productivity still remains correlated with output per worker, so that the residual in a regression analysis will not be white noise. Klenow and Rodríguez-Clare (1997) claim in their study of development accounting that the so-called "Neoclassical Revival" originated by Mankiw et al. (1992) and others has gone too far. They report a relatively strong role for international productivity differences and attribute about one half to two thirds of the international variation in output per worker to productivity differences.
They comment that they are unable to distinguish between these two estimates.
This is because they do not take into account observed differences in the quality of schooling. Another problem is that they ignore the high sensitivity of their results to the identifying productivity assumption, despite using a Cobb-Douglas production function.
By contrast, our results do take account of a direct measure of quality of schooling and recognize the arbitrariness of the identifying productivity assumption. We find a relatively strong role for international differences in factor inputs and attribute about one half to two thirds of the international variation in output per worker to differences in factor inputs. Therefore, the conclusion of Klenow and Rodríguez-Clare (1997) 
OECD-Sample Results
The second sample we consider is that of OECD countries. 9 The advantage of this sample is that the data is of a relatively high quality and that omitted country-specific factors should not vary substantially between these countries.
OECD countries are similar to one another in that they all exhibit a relatively high degree of openness, have market-friendly policies, and are able to access technology levels near the world technology frontier.
As our results based on the covariance measure show (Table 4) , factor inputs apparently explain a larger fraction of output per worker than in our full sample. Using our first measure of human capital, GRW1, already increases the explanatory power of factor inputs as compared to the measure used by Hall and Jones (1998) , HJ. Using our quality-adjusted human capital measure, GRW2, we find that about 90 percent of the differences in output per worker across OECD countries can be explained by differences in factor inputs.
Differences in productivity contribute only about 10 percent to differences in output per worker. Since the fraction of output per worker explained by factor inputs is so large, this result is not very sensitive to the identifying productivity assumption. 10 A comparison of the results using the full sample vs. the OECD sample suggests the following interpretation. For the countries for which data is most reliable, differences in physical-and human-capital inputs suffice to explain differences in output per worker. The higher explanatory power of productivity differences in the full sample may thus, to some degree, reflect poorer quality of data for many non-OECD countries.
Furthermore, OECD countries should be expected to produce near the world technology frontier. In many of the countries with low output per worker, entrepreneurs and workers might be hindered to use the best available technology by bad economic policies or rigid institutional frameworks. This might be another reason why we find that residual productivity does explain a fair amount of the difference in output per worker in our full sample.
Conclusion
Recent contributions to development accounting have gone one step too far by overstating the importance of productivity differences in explaining differences in output per worker. International productivity differences, which are estimated as residuals, always reflect a mixture of untestable theoretical identifying assumptions, errors due to using imperfect measures of the true variables, and data recording errors, the relative contributions of which are difficult to delineate. We show that the impact of alternative identifying productivity assumptions and alternative methods of measuring human capital is potentially large. Hence, recent calls for a new theory of total factor productivity should at least be accompanied by calls for improved measurement of factor inputs. In the meantime, the traditional neoclassical growth model still appears to be a valid workhorse for empirical development accounting.
A. Decomposing Output per Worker with Hicks-and Harrod-neutrality 1. Let C (A) denote the covariance measure of A:
The numerator of C (A Hicks ) can be transformed as follows: with n = sample size, countries i, ..., j, ..., n ranked according to y, and Z given in each column 
